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metal salt of an organic acid and a shear sta- 
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Velocities and Pressures in Belt Contacts 



Contact 


Name 


Pressure (bar) 


A 


Pulley/element 


100-1000 


B 


Element/ring 


20-100 


C 


Ring/ring 


20-100 


D 


Element/element 


0-10,000 


E 


Element/element 


Unmeasurable 



Velocity (m/s) 



Unmeasurable (tangential and actual slip) 
0.05 - 0.5 [sliding) 
0.01 -0.10 (sliding) 
1-10 (rolling) 
1 - 10 (rolling) 



TABLE 2 



Possible Wear-Related Lubricant P 


roblems 


Contact 


Name 


Pote 


itial Problem 


A 
B 
C 
D 
E 


Pully/element 
Element/ring 
Ring/ring 
Element/element 
Element/element (pin) 


Polishing 
Wear 
Black spc 
Pitting, sc 
Scuffing, 


slip, grey flaking 
ts 

ratches 
scratches 



I 

In operation, CVT's have demonstrated a noise which is commonly referred the "scratch phenomenon" which 
manifests itself as a transfer gear rattle under slow speed, light load conditions. Experiments have revealed that the 
noise could be eliminated by the fluids of this invention. j 

Simple screening tests as described in details in SAE Paper Series No. 932848 were then used to determine which 
fluids were specifically suited to eliminate the scratch phenomenon under all CVT driving conditions and which would 
also provide superior wear protection under severe conditions. j 

It was determined from later tests that the scratch phenomenon was! related to the frictional characteristics of the 
CVT belt assembly, and was caused by stick slip within the belt mechanism. It was found that when CVTs were tested 
with commercially available automatic transmission fluids that none would eliminate the CVT noise problem. 

In one aspect, the invention provides a shear stable multipurpose fluid composition for use as a lubricating or 
functional fluid, said composition comprising: 

A. An oil of lubricating viscosity;' 

B. 1-15% by weight of a metal salt of an organic acid; 

C. 0.05-5% by weight of a metal, said metal being the metal in said rnetal salt; and 

D. 1-25% by weight of a viscosity modifier. j 

i 

wherein said composition has a Brookfield viscosity of under 20,000 cP at -40°C, and exhibits a viscosity loss of less 
than 20% at 100°C when measured after a 20 hour Tapered Bearing Shear Test. 

The present invention describes a preferred additive package which' when added to an oil of lubricating viscosity 
forms a lubricating functional fluid cdmposition which when employed in a push belt CVT eliminates noise or "scratch 
phenomena" in the CVT The additive package comprises: 



50 



(a) 1 5-55 % overbased detergent 

(b) 5-30% metal dialkyl dithiophosphate 

(c) 5-30% sulfur containing friction modifiers 

(d) 5-30% dialky phosphites 

(e) 0.5-10% fatty amides 

(f) 1-25 % viscosity modifier 



55 



where weight percent is equal to the weight of each component based on the total weight of the additive package and 
are given on an oil free basis. 

A composition similar in some respects to the present invention is included in U.S. Patent 3,652,41 0 to Hollinghurst, 
etal which is incorporated herein by reference. The functional/lubricating fluid of the present invention has a requirement 
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conducting a Tapered Bearing Shear Tes tor ^Tl T ^ func, ' on ^^"cating fluids were determined by 
preferred range for viscosity ^^^^ *~* * «" - - ** 

L-nc^ 

England. The same test is also published as DIN ^StJ J? h ' W Cavendish Stre< * London W,M 8A *. 
Burggratenshase 6, 1000 Berlin S GUanv Bom Sell aVa " ab ' e dSUtSCheS lnsti,ute f0r N ormung, 

Shear tests were run using the aSZ^LT T "^^ated herein by reference. 
Acyloid 1263 viscosity n^^^^^^ - with po.ybutene and Rohm and Haas 
the same initial kinematic viscosity of 9-7 5 cS at 10O a2 k !f d ^ haVi " 9 been made U P to roughly 
test viscosity o, the acryla.e con Jning sampte hid dropped as^cl Zf, ^ ^ ™» the end °' 
°'thepolybutenewasintherangeofaLt2^ 

for both fluids was synthetic and a mixtur of PAO and a die ter S " ^ ^ °* °' ' UbriCa,in9 Viscosi * 
and Henkle-Emery respectively. The synthetic oils have , 11, f o ' COmmercia,| y availab 'e from Gulf or Ethyl, 

Reference discing a f rJion mSerta 2s Z halo a Til ,f ^ ^ ^ ,rom r0U 9 h 'y 1 " 8 <*■ 
U.S. Patents 5,387,346; 4,299,71 4 and 4 03? 020 Thp S?, , VISC ° S,ty ° f bel0W 20 ' 000 cP at ^'C are 

poly-alpha-olefins and a VM which coXrise Z^TmT^II ™ " P l ° 35 ^ % * a 

patent specification on VM's gives a list of kno^ vm« 9 - Z " composition. The only information in the 

made in the form of a declaration by £ in Ve Zs in which Z.^ SL * WaPPer an enablin 9 VM discl — * 
bused in the several automatic xJnS^SZ comS, ^ f I 263 ' 3 P^^ylate *om Rohm and Haas 
m of about 270,000. FZG Standa7shea tes J ™ ' T 'I 6 '' ^ 5 ** 1263 h9S 3 W " ° f about ™>™ and 
^263 resulted in the shear drops Tslw ^w Z^^ ? " ** 415 Weight PSrCent °< the Acr V'^ 
1 00»C. The. FZG shear test is available a CEC i T 321? fr™"^ * dr ° PS 38 measur * d a < 

England. j ° bC L 37 " T ' 85 from CEC at 61 New Cavendish Street, London WIM 8R, 

meet SAE 71 R1 and 71R2 standards. Examptes of the 714 2l ZTT 0 *" "* 714 pa,6n ' Were Emulated to 
The VM used in all examples is a poly'methacMate wft ^ J^T "** *' bMe °" " Synthefc 

in Trp^ 

synthetic d.. The viscos^ ^^^S^^*" hl * ^ 5356 ^ C ° mpriSe Up t0 100% * weight 
acrylates of 50.000-200,000 ave ra K ecu ^ tXZf ° fthecom P° sition The VM's as described are polymeth- 
average. weight average or viscS" £ 2 TZTooTZZ ^ " defined 35 bein 9 

are polymethacry.ates of average molecula! weight of 143 000 " the 6Xamp,eS ° f the ' 02 ° 

The fluid comprises: V ; com P onents we.ght percent based upon the total weight of the fluid 

(a) 50-95% base oil of lubricating viscosity 

(b) 3-20% additive package described above- and 

(c) up to 50% viscosity index improver. 

oils of the paraffin, napthenic or mixed paraZic n£ ££^ 5^^ °' ^ ^ M lubricati "9 
shale are also useful. P na Ptnalen,c types. Oils of lubricating viscosity derived from coal or 

interpC^ 

polyphenyls. etc.), alkylated dipheny, ethers bipheny,S ' ter P hen V ,s - a 'kylated 

and homologs thereof and the like ' d ' phenyl sulfides and «he derivatives, analogs 

used. These are exemplified by the oils t^^SZS^Z^ r T ' UbriCa,ing ° ils ,hat can b * 

alky, and ary. ethers of these pWkjSJSX^STl^ f "'f ^ ^ " Pr ° Py ' ene ° xide ' the 
aceticacidesters. mixed ^3 fa«y a^d^sterl ^0^^ 
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Another suitable class of synthetic lubricating oils that can be used comprises the esters of dicarboxylic acids (e. 
g., phthalic acid, succinic acid, alkyl succinic acids, sebacic acid, etc.) with a variety of alcohols (e.g., butyl alcohol, 
dodecyl alcohol, ethylene glycol, diethylen glycol monoether, etc.) I 

Esters useful as synthetic oils also include those made from C 5 tojC 12 monocarboxylic acids and polytols and 
5 polyol ethers such as neopentyl glycol, trimethylolpropane, pentaerythritol, dipentaerythritol, tripentaerythritol, etc. 

Silicon-based oils such as the polyalkyl-, polyaryl-, polyalkoxy-, or polyaryloxy-siloxane oils and silicate oils com- 
prise another useful class of synthetic lubricants. Other synthetic lubricating oils include liquid esters of phosphorus- 
containing acids (e.g., tricresyl phosphate, trioctyl phosphate, diethyl ester of decane phosphonic acid, etc.), polymeric 
tetrahydrofurans and the like. j 
to Unrefined, refined and rerefined oils, either natural or synthetic (as well as mixtures of two or more of any of these) 

of the type disclosed hereinabove can be used in the compositions of the present invention. Unrefined oils are those 
obtained directly from a nature or synthetic source without further purification treatment. For example, a shale oil ob- 
tained directly from retorting operations, a petroleum oil obtained directlyjfrom primary distillation or ester oil obtained 
directly from an esterification process and used without further treatment would be an unrefined oil. Refined oils are 
is similar to the unrefined oils except they have been further treated in one;or more purification steps to improve one or 
more properties. Many such purification techniques are known to those [skilled in the art such as solvent extraction, 
secondary distillation, hydrorefining, acid or base extraction, filtration, percolation, etc. Rerefined oils are obtained by 
processes similar to those used to obtain refined oils applied to refined oils which have been already used in service. 
Such rerefined oils are also known as reclaimed or reprocessed oils and often are additionally processed and oil 
20 breakdown products. j 

Specific examples of the above-described oils of lubricating viscosity; are given in U.S. Patent No. 4,326,972 and 
European Patent Publication 107,282, both of which are hereby incorporated by reference for relevant disclosures 
contained therein. 

The functional/lubricating fluid compositions of this invention include, together with CVT fluids, engine oils and 

25 power transmission fluids, including hydraulic fluids, power shift transmission fluids and automatic transmission fluids, 
the specific types and characteristics of oils of lubricating viscosity for the various applications are well known in the art. 

The preferred base oils for CVT fluids are 4cSt hydrogenated poly-ajpha-olefins available from Ethyl as Ethyl Flo 
164 and a 3 cSt diester available from Emery as Emolein 2958 and mixtures thereof. The base oils for the invention 
may have a viscosity range of 1 -1 0 cSt at 1 00°C. | 

30 The detergent component of the additive mixture may be borated or npn-borated overbased alkali metal or alkaline 

earth metal salt of a sulphonate, phenate, salicylate, carbonate, phosphorus containing acids and mixtures thereof. 

The sulfonate salts are those having a substantially oleophilic character and which are formed from organic ma- 
terials. Organic sulfonates are well known materials in the lubricant and detergent arts. The sulfonate compound should 
contain on average from about 10 to about 40 carbon atoms, preferably from about 12 to about 36 carbon atoms and 

35 preferably from about 14 to about 32 carbon atoms on average. Similarly, the phenates, oxylates and carboxylates 
have a substantially olephilic character. j 

While the present invention allows for the carbon atoms to be eitherjaromatic or in a paraffinic configuration, it is 
highly preferred that alkylated aromatics be employed. While naphthalene based materials may be employed, the 
aromatic of choice is the benzene moiety. 

to The most preferred composition is thus a monosulfonated alkylated benzene, and is preferably the monoalkylated 

benzene. Typically, alkyl benzene fractions are obtained from still bottom sources and are mono-or di-alkylated. It is 
believed, in present invention, that the mono-alkylated aromatics are superior to the dialkylated aromatics in overall 
properties. 

It is desired that a mixture of mono-alkylated aromatics (benzene) tDe utilized to obtain the mono-alkylated salt 
45 (benzene sulfonate) in the present invention. The mixtures wherein a substantial portion of the composition contains 
polymers of propylene as the source of the alkyl groups assists in the solubility of the salt in the manual transmission 
fluid. The use of mono-functional (e.g., mono-sulfonated) materials avoids crosslinking of the molecules with less pre- 
cipitation of the salt from the lubricant. j 

It is also desired that the salt be "overbased". By overbasing, it is meant that a stoichiometric excess of the metal 
so be present over that required to neutralize the anion of the salt. The excess metal from overbasing has the effect of 
neutralizing acids which may build up in the lubricant. A second advantage is that the overbased salt increases the 
dynamic coefficient of friction. The overbasing is generally done such that the metal ratio is from about 1 .05:1 , preferably 
2:1 to about 30:1 and most preferably from about 4:1 to about 25:1. Theimetal ratio is that ratio of metallic ions on an 
equivalent basis to the anionic portion of the overbased material. i 
55 Alkali metal borate dispersion may be prepared by the following steps: a suitable reaction vessel is charged with 

the alkali metal carbonate overbased metal sulfonate within the oleophilic reaction medium (typically the hydrocarbon 
medium employed to prepare the overbased metal sulfonate). The boric acid is then charged to the reaction vessel 
and the contents vigorously agitated. j 
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carbonate in the product. As it has been noted that the present invention utilizes conventionally obtained overbased 
materials, no more is stated within this regard. I 

The preferred overbasing cation is sodium and the overall preferredjproduct is a borated sodium carbonate over- 
based sodium sulfonate. A second preferred product herein is a borated sodium carbonate overbased calcium sul- 
5 fonate. j 

The overbasing is generally done such that the metal ratio is from about 1.05:1 to about 50:1, preferably 2:1 to 
about 30: 1 and most preferably from about 4: 1 to about 25: 1 . The metal ratio is that ratio of metallic ions on an equivalent 
basis to the anionic portion of the overbased material. j 

B. The Inert Liquid Medium - The inert liquid medium when utilized to obtain the borated product facilitates mixing 
10 of the ingredients. That is, the overbased materials tend to be rather viscous especially when the alkaline earth metal 

components are utilized. Thus, the inert liquid medium serves to dispense the product and to facilitate mixing of the 
ingredients. The inert liquid medium is typically a material which boils at a temperature much greater than that of water 
and which is useful in the end product for which the invention is intended. 

Typically, the inert liquid medium is a member selected from the group consisting of aromatics, aliphatics, alkanols 

*5 and mineral oil and mixtures thereof. The aromatics utilized are typically benzene or toluene while the aliphatics are 
materials having from about 6 to about 600 carbon atoms. The alkanols may be mono-or di-alkanols and are preferably 
those materials which have limited water solubility, typically, alkanols containing 10 or less carbon atoms are useful 
herein. Mineral oil, when used as the inert liquid medium is a typically defined by the ASTM standards. 

The insert liquid medium may be omitted where, for example, the prpduct is extruded. In such cases mechanical 

20 mixing replaces the need for a solvent. j 

C. The Carbon Dioxide Component - the carbon dioxide content of product (d) is typically greater than about 5% 
by weight. It is desirable that the carbon dioxide content of product (d) be between 5.5% and about 12% by weight. 
The weights given herein are by weight of the total product including the! inert medium. The carbon dioxide content of 
the products is obtained by acidifying the product to liberate all of the G0 2 in the product. For purposes herein, the 

25 terms carbon dioxide and carbonate are identical. That is, the carbonate is the chemically incorporated form of the 
carbon dioxide and the latter is the compound used to specify the amount of carbonate in the product. Thus, the ratios 
expressed herein use the molecular weight (44) of carbon dioxide. 

D. The Borating Agent is conveniently orthoboric acid. Also useful herein are boron halides such as boron trifluoride, 
polymers of boric acid, boron anhydride, boron esters, and similar materials. The boron content of the products of the 

30 present invention is typically greater than 3%, preferably greater tan 4% and most preferably greater than 5% by weight 
of the product. It is also desirable that the weight percent of carbon dioxide in the product (d) is at least 50% by weight 
of the boron in product (d). Preferably, the present carbon dioxide to the ; percent boron is greater than 75% and most 
preferably greater than 1 00% by weight of the boron. 

E. The Water Content of the product when it is finished is typically less than 3% by weight. At levels much greater 
35 than 2% by weight substantial amounts of the boron can be lost by forming boron compounds which are soluble in the 

water and which are separated off. If the separation does not occur duririg processing, then during storage, the boron 
content may be diminished by having unacceptably high levels of water in the product. More preferably, the water 
content of the product is less than 1% by weight and most preferably less than 0.75% by weight. 

F. The Processing - The products herein are conventionally obtained up to the point where the boron incorporated 
40 occurs. That is, the boronation aspect to obtain the alkali metal or alkaline earth metal overbased sulfonate is down- 
stream from the carbonation facility. If desired, carbonation may continue!; however, such is not necessary and hinders 
the boronation in addition to raising the cost of the product. I 

The mixture (a) as defined above is treated at (b) at a temperature less than that at which substantial foanvng 
occurs. Such temperature is typically less than 110 o C., more preferably less than 99°C, and most preferably between 

45 about 66°C and about 88°C. It is also desirable that the temperature is raised during the boronation but not raised so 
rapidly as to cause substantial foaming, not only does the foaming caus'e a loss of head space in the reaction vessel 
with a concomitant blocking of reaction ports but the product is not believed to be the same if it is rapidly liberated of 
carbon dioxide. That is, there is an exchange reaction occurring between the carbon dioxide portion of the overbased 
materiel and the borating agent wherein boron polymers are incorporated into the overbased material. Thus, the bor- 

50 onation is allowed to occur without substantial foaming until the point where substantially no more boron is taken up 
by the overbased material. 

At the point where the boron is substantially chemically incorporated within the overbased material, the temperature 
is then raised to a point in excess of the boiling point of water within the mixture (b). Such temperatures are typically 
in excess of 100°C as the water tends to separate rapidly from the reaction mass at that temperature. Conveniently, 
55 the temperature for removing the water is between about 1 20°C and 1 80° C. As the boronation is substantially complete 
and the carbon dioxide content of the product is stable, substantial forming is avoided at the point where the water is 
taken from the product. Thus, little carbon dioxide will be liberated between steps (c) and (d). The temperature condi- 
tions are typically not lowered substantially during steps (c) and/or (d), especially during (c). 



7 



EP 0 753 564 A1 



«b2 ^^S^^^t^Z? borated product by al,owin9 ,he prod - to «* 

thus, protective packaging is recomShSd Th* V IS*** hy9rasco P lc due ,0 ,he high inorganic content and, 
Processingsuchas^ 
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t^mfc^ 

all of the particles are less than S r^^^^^r*^ dhW ^ is that substantially 
and most preferably less than 5 microns Thus le^ulTl w k m ° M PreferaWy ,ess than 8 microns 
known in the art in that the fine partiS size obtain J ? 2 here ' n 3re substantial| y Afferent than those 
giving effective protection for the me W^^^f^ diSPefSi ° n in an Qil or 9 reas * thereby 

determining the panicles size Z™ZZZ tT T ^o^f ST** 'I'™ 9 * in, ° C ° ntaCt ' General 9 uida ^ 
1966. Library of Congress Catalog Card No 62-T 83 2 ^.Sce.ceby Bi.lmeyer, fourth printing. March 

the rlnZTr^ Magnesium Su.phonates with TBN number in 

High TBN su.phonates are availabSm Wit^h e mtf ) T ^ Up With an oil contert °< 5 °-60%. 
range comprises 1 5-55% by wefcht oTth ^ddiWe oact^ T ? Syn,heSi2ed 35 deSCrib6d herein ' The de ^9ent 
Preferred range of detergent in the ll^n^^ ^ ^ * »• *" ««* The 

A™d^^ 
protect moving parts ,rom wear. Wcompon^ which 
agents are metal salts of phoepho^fttofe^^TJ^IS'r T* 3 Pr ° teC,iV6 Preferred an,iwea ' 
molybdenum, manganese, nickel and ^^Z Zt lLZV T ^ 33 3,UminUm > ,in ' Cobalt ' lead 

The phosphorodithioic acids are rCsZ^fZ^ " ° f tW ° " m0W me,a ' S3ltS may be used - 
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at a temperature of about 20° to about XJ^^SL^" , ° f 3lC ° h0lS - The reaction inv <^ mixing 

tasulfide. Hydrogen sulfide is liberated in this region ° f Phen °' ° ne m ° ,e 0f P b °5phorus pen 

preferably 1 to about 30 carbon atoms, aWorfp^ fr0m 1 to about 50 ca *°n atoms, 

most often identical, although they may be tiZlntT^ll^^ 18 Ca * on a, ° ms ' R ' and * ™ 

drocarbon, preferab V alky,, and most de SI Yab.y^ncTed a M ExamlTf t ^T' ^ 9r ° UpS 8re USUally ^ 
butyl, 4-methyl-2-pentyl, 2-ethylhexyl Wtyl etc P R 8nd R 9fOUps include isopropyl. iso- 

nJl ^^^t^^Z^X T T with sui,ab,e metel *~ - a 

am P^aresodiumhydroxide, sodium methoxide scSum^l ' hydrox,des ' alkoxides and basic salts. Ex- 

nesium oxide, magnesium hydroxide fcalS potassium carbonate, mag- 

The temperature at which the J^^SS^'o™ T*' niCk6 ' ° Xide and lhe '*« 

1 50°C, preferably up to about 1 25°C Pr6Pared 15 9eneral| y between about 30° and a*,ut 

similar to mineral oil, it frequently need ncZ ^ em^ved h J l,,hedl ' Uent,Sm,neraloiloris P h y sica »yandchemLlly 
and functional fluids of the invention ^ ,he m6,a ' salts in the composition, concentrates 

perdn^eJT ^ ^ S3,tS ^ in * by the fol.owing example, All parts and 

The,erm,eut r a,sa,t,efersto„ 
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to the stoichiometry of the metal and the particular organic compound reacted with the metal. Thus, if a phospho- 
rodithioic acid, (RO) 2 PSSH, is neutralized with a basic metal compound, e .jg. , zinc oxide, the neutral metal salt produced 
would contain one equivalent of zinc for each equivalent of acid, i.e., [(RO) 2 PSS] 2 Zn. 

However, with the present invention, the metal product can contain more or less than the stoichiometric amount 

5 of metal. The products containing less than the stoichiometric amount of metal are acidic materials. The products 
containing more than the stoichiometric amount of metal are overbased rjnaterials. For example, salts containing 80% 
of the metal present in the corresponding neutral salt are acidic, while s;alts containing 110% of the metal present in 
the corresponding neutral salt are overbased. The metal components may have about 80% to about 200%, preferably 
about 100% to about 150%, more. preferably about 100% to about 135%, and advantageously about 103% to about 

10 110% of the metal present in the corresponding neutral salt. • j 

The preferred metal salt of the present invention is zinc diisooctyl dithiophosphate. 

The dithiophosphates are present in the additive package at about 5-30 weight percent and in the fluid blend at 
0.5-10% by weight. The preferred range is 0.5-5% by weight of the fluid blend. 

It should be noted that the zinc dithiophosphate also serves an antioxidant function. 
75 For a discussion of phosphorus containing metal salts U.S. Patent 4466,894 which is incorporated by reference 

for disclosure pertinent to this invention. j 

Other compound types of use as EP/antiwearAriction modifiers ageipts are sulfurized fats, sulfurized fatty acids, 
suit urized olefins, sulfurized partial fatty acid esters, sulfurized polyolefins and oliglmers thereof. Also useful are organic 
phosphites. Both classes of compounds also serve as oxidation and corrdsion inhibitors. Sulfurized compounds useful 
20 in this invention are sulfurized: ! 

(1 ) fats such as lard, sperm oil, soybean oil, cotton seed oil, sunflower oil; 

(2) fatty acids such as oleic, linoleic and linolenic; j 

(3) partial fatty esters of polyhydric alcohols or monohydric alcoholsjj 
25 (4) polyolefins, olefins, and oligimers of olefinic compounds; 

(5) alpha-olefin; : 

(6) tall oil fatty acids. j 

I 

and equivalents and mixtures thereof. The plant oils and fatty acids are available from many commercial sources as 
30 are the polyolefins and for instance the ~ -olefins and particularly C 16 -C 16 a-olefins which are available from the Ethyl 

Corporation. U.S. Patent 4,957,651 and references cited therein gives an extensive background for sulfurized organics 

and is incorporated herein by reference for disclosure pertinent to this invention. 

The term "fatty acid" as used in the specification and claims refers to acids which may be obtained by the hydrolysis 

of a naturally occurring vegetable or animal fat or oil. These acids usually contain from 8 to 22 carbon atoms and 
35 include, for example, oleic acid, linoleic acid, etc. Acids containing 16 to 20 carbon atoms are preferred, and those 

containing 16 to 18 carbon atoms are especially preferred. 

Habiby, in U.S. Patents 3,926,822 and 3,953,347 describe a composition comprising a sulfurized mixture of a fatty 

acid ester of a mono- or polyhydric alcohol, a fatty acid and an aliphatic olefin. Newingham et al, in U.S. Patents 

3,825,495 and 4,1 80,466 teaches lubrication of controlled-slip differentials! with a composition comprising a cosulf urized 
40 blend of a triglyceride and a monoolefin. Recchuite, in a series of U.S. Patents, for example U.S. Patents 4,166 : 796; 

4,166,797; 4,321,153 and 4,456,540 teaches compositions comprising a cosulfurized mixture of triglycerides and an 

olefinic hydrocarbon. The '540 patent also recites the presence of a fatty acid in the reaction mixture. In U.S. Patent 

4,166,795, Recchuite teaches the reaction product of sulfur, lard oil, polyjsobutylene oligomers and optionally another 

unsaturated material. All of these patents describe the use of these sulfurized mixtures in lubricants. Other sulfurized 
45 fatty acid esters are described in Lincoln et al, U.S. Patent 2,11 3,811 ; Wasson et al, U.S. Patent 2,672,444; Ebby, U. 

S. Patent 2,680,718; Wakim, U.S. Patent 3,986,966; Zipf : U.S. Patent 4,036,769; Hotten, U.S. Patent 4,053,427; and 

Jackisch, U.S. Patent 4,176,072 and in PCT Publication WO86/06371. j 

Numerous patents describe the use of various partial esters of polyhydric alcohols as friction modifiers, emulsifiers, 

lubricity agents and corrosion inhibitors. These include Adams et al, U.S. Patent 2,268,234; Schwartz, U.S. Patent 
so 2,41 2,633; Barnum, U.S. Patent 2,564,423; Adelson et al, U.S. Patent 2,628,941 ; Wasson et al, U.S. Patent 2,672 : 444; 

Bondi et al, U.S. Patent 2,788,326; Wisotsky, U.S. Patent 4,505,829 ancj U.K. patent application 2,038,355. 

Suitable partial fatty acid esters can be prepared by methods known in the art and then sulfurized. One method 

for preparing monoglycerides of fatty acids from fats and oils is described in Birnbaum, U.S. Patent 2,875,221. This 

patent teaches a continuous process for reacting glycerol and fats to provide a product having a high proportion of 
55 monoglyceride. Furthermore, many glycerol esters are commercially available,. Such esters usually contain at least 

about 30% by weight of the preferred monoester, generally from about 35 to about 65% by weight monoester, about 

30 to about 50% by weight diester, and the balance, in the aggregate, usually is no more than about 15%, more often 

less than about 10% by weight of triester, free fatty acid and other components. 
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Mto^^^ ^ Pr6P8rin9 C ° mp ° Siti ° ns com P risin 9 partial fatty acid esters of this invention is described in the 



EXAMPLE 1 



abouZTltl^ 

about 80 / 0 ole,c, about 10%l,nole,c and the balance saturated triglycerides, and which contains less than 1% bvweiaht 
aadny measured as oleic acid, and 499 parts glycerol in the presence of a catalyst prepared by dZ,^aKOHin 

tlLn ^rTTJ m ^ ^ UndBr nhr °9 en - for 13 hours at 15 ?C- The materials arecooJdZ 

Zs^edZa^Z seZT T° YZ 4 f **** * "* The ™«™ is 

transferred to a 2-hter separatory funnel. The lower layer is removed and discarded. The upper layer is the product 

ToJo°i^ yamlVSiSt 56 9% ^^Cmonooleate, 33.3% glycerol dioleate Z J^anTlsl 

242l SP F e r;!nf,n a r P t ,eS 0, <™ rcial| y available ™^ comprising partial fatty acid esters of glycerol include Emery 
fnr U T ^ ' ,nC ) ' CaP City GM ° (Capital) ' DUR - EM 114 - DUR-EM GMO, etc. (Durkee Industrial^ 

2* ot S deSCribed ln K S ' Markley ' Ed - Ta,t V Acids " sec <™< ecfition, parts I and V InS sclence 
« ™ f (1 , 968) N r er ° US commercial, y mailable fatty acid esters of po.yhydric alcohos are listed I 

oent " ZTa ' n T, V °' UmeS: McCu,cheon ' s Fu " cti °nal Materials and McCu.cheon's Emulsifiers and DetTr 
gents, North American and International Editions (1987). 

mniPh/Tl? ^ mp ° n ? nt °* the invention is a sulf urize d fully esterfied ester triglyceride, especially wherein the acid 

ZV^ZllZ: T Cid E K SPeC , ia,ly Pre,erred fatty ° ilS ' ,h3t "LralV occurring'elter S glycerol 

wrth the aboye-noted long chain carboxyhc acids, and synthetic esters of similar structure. Still more preferred are fattv 

table ciT, T TTT d addS ' eSPeCia " y °' eiC and lin ° ,eic ' includi "9 such -tumiy oo^SS^^ 
It S fl U 88 ,ara : 0,l • Peanut 0il - cottonseed * s °^an on. corn oil, sunflower seed oil and oZ^SpeS 

a" cTsuc 3owe e "* am ° UntS ° f °' eiC "** ^ ^ than 80% ° r ™ 

acid). Such sunflower oils are available commercially under the trademark TR.SUN® from SVO Enterprises Corpora- 

uJ^^t!^^^ 1 I- 'V 6351 r SU ' fUriZed ,atty 33 d6SCribed ^-inabove. It is usually an un- 
»«JnZr< entj0 1 ° 0n,ain at leaSti ° ne SUl,urized olefin - This olefin is Preferably an aliphatic olefin That is it is 

h! nrl! ^' "-P r °P ano '. 'sopropanol, the butanols, etc. Mixtures thereof are also useful These esters can 
oressu!! ! Zn f pIT * Pr6S6nt ' nVention as a friction modifier whi <* also functions as an extreme 
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10 



15 



20 



25 



30 



R 3 and R 4 is hydrogen or an organic radical. In general, the R values in the above formula which are not hydrogen 
may be satisfied by such groups as -C(R 5 ) 3 , -COOR 5 , -CON(R 5 ) 2 , -COON(R 5 ) 4 , -COOM, -CN, -(R 5 )=C(R 5 ) 2 , -YR 5 or 
-Ar. ~ : 

Each R 5 is independently hydrogen, alkyl, alkenyl, aryl, substituted alkyl, substituted alkenyl or substituted aryl, 
with the proviso that any two R 5 groups can be alkylene or substituted alkylene whereby a ring of up to about 1 2 carbon 
atoms can be formed; 

M is one equivalent of a metal cation (preferably Group I or II, e.g., sodium, potassium, magnesium, barium, 
calcium); • • 

X is halogen (e.g., chloro, bromo, or iodo); 
Y is oxygen or divalent sulfur; and 

Ar is an aryl or substituted aryl radical of up to about 1 2 carbon atoms. 

Any two of R 1 , R 2 , R 3 and R 4 may also together form an alkylene or- substituted alkylene group; i.e., the olefinic 
compound may be alicyclic. 

The nature of the substituents in the substituted moieties described above are not normally a critical aspect of the 
invention and any such substituent is useful so long as it is, or can be made compatible, with lubricating environments 
and does not interfere under the contemplated reaction conditions: Thus, substituted compounds which are so unstable 
as to deleteriously decompose under the reaction conditions employed are not contemplated. However, certain sub- 
stituents such as keto or a dehydo can desirably undergo sulfurization. The selection of suitable substituents is within 
the skill of the art or may be established through routine testing. Typical of such substituents include any of the above- 
listed moieties as well as hydroxy, amidine, amino, sulfonyl, sulfinyl, sulfonate, nitro, phosphate, phosphite, alkali metal 
mercapto and the like. j 

The olefinic compound is usually one in which each R value which isinot hydrogen is independently alkyl, alkenyl 
or aryl, or (less often) a corresponding substituted radical. Monoolefinie and diolefinic compounds, particularly the 
former, are preferred, and especially terminal monoolefinie hydrocarbons; that is, those compounds in which R 3 and 
R 4 are hydrogen and R 1 and R 2 are alkyl or aryl, especially alkyl (that is : , the olefin is aliphatic). Olefinic compounds 
having about 3 to 30 and especially about 3 to 18 (most often less than 9 { ) carbon atoms are particularly desirable. 

Isobutene, propylene and their oligomers such as dimers, trimers and tetramers, and mixtures thereof are espe- 
cially preferred olefinic compounds. Of these compounds, isobutylene and diisobutylene are particularly desirable be- 
cause of their availability and the particularly high sulfur-containing compositions which can be prepared therefrom. 

Various sulfurized olefins which are useful in the present invention are shown in Table I below: 

TABLE I 



Example 


Olefinic compounds 


Molar ratio 1 


Temp. 
°C 


% sulfur in Product 


(a) 


Isobutene; 1-butene 2 


1:1:0.5 


171 


46.9 


(b) 


1 -Octene 


1:1.5:0.5 


171 


34.3 


(c) 


Isobutene; 1 -octene 3 


1:1:0.5 


171 


44 


(d) 


Diisobutene 


1:1.5:0.5 


171 


41 


(e) 


C 16 -C 18 a-olefin 


1:1.5:0.5 


171 


20.6 


(f) 


Cyclohexene 


1:1:0.5 


171 


31.8 


(g) 


Isobutene; 1-hexene 2 


1:1:0.5 


171 


39.5 


(h) 


Methyl oleate 


1:1.5:0.5 


171 


16.5 


(i) 


a-Methylstyrene 


1:1:0.5 


171 


39.2 


G) 


Isobutene; butadiene 3 


1:1:0.5 


171 


47.2 


(k) 


Polyisobutene 4 


1:1.5:0.5 


171 


2.6 


(I) 


Triisobutene 5 


1:1.5:6.5 


171 




(m) 


1-Butene 


1:1:0.5 


138-171 


49.5 



35 



40 



45 



SO 



SS 



1 Olefin ic compound(s):S:H2S 
2 1 :1 molar ratio 
3 0.9:01 molar ration 

4 Number average molecular weight of about 1000 as determined by vapor pressure osmometry. 
5 No separation step. 



11 



EP 0 753 564 A1 



TABLE I (continued) 



Example 


Olefinic compounds 


Molar ratio 1 


Temp. 
°C 


>% sulfur in Product • 


(n) 
(o) 

(P) 

(q) 


isodecyl acrylate 

Diels-Alder adduct of butadiene and butyl 

acrylate 

2-Butene 6 

Turpentine 

pound(s):S:H 2 S 1 


1:0.5:0.5 
1:1.5:0.5 

1:1:0.5 
1:1.5:0.5 


171 
171 

171 
171 


13.1 
25.1 

48.9 
39.2 



"C is a trans isomers 



15 



20 



25 



30 



35 



40 



45 



50 



about 1 00° to about pi n°r tL rM • « f 0} more P referab| y> at a temperature of from 

mmmmmm 

=~ p= 

from abau, 0.0, to about $ tote ^ ZT. ll"""^ 2 moles of olaflr* boada. la oanaral, 
maaton,, may b9 amp.oyaa ? T" '""^ 

per mole of olefinic bonds Ul 3 mo,es of su,fur are employed 

■•Mar* Contortion. «»«^ 

axprassly Inoa-po** ha* b, ,ator.„ce to, ^a^S^V " 91 ' 659 "* bh iS 

She," 9 " M 8 SU " Ur,Za "° n P,0Cat,Ura '°* 3 »<=,,•„ JU-cMn moaam (Naooana TM, 16-18 



EXAMPLE 2 



55 
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increments, 15 minutes apart. The materials are heated to 795° C and held at 195? C for 1.5 hours. A nitrogen sparge 
is resumed and heating is continued at 19FC for 2 hours. The reaction mixture is filtered at 95 s C through a diatoma- 
ceous earth filter aid. The filtrate, containing 9. 95% sulfur by analysis, is the product 

The sulfurized components of the invention as listed above are included in the additive package in the range of 
about 5-30% based on the weight of the additive package with the preferred range being 10-20%. As a component of 
a formulated fluid the sulfurized compounds are included in the fluid in a range of about 0.5-1 0% weight percent based 
on the weight of said fluid. The preferred range for the sulfurized components in said fluid is about 0.5-10% by weight. 

Also included in the additive package of this invention are organic phosphites which can serve as EP/antiwear 
agents, lubricity improvers, and antioxidants. The phosphites are generally of formula (RO^POH. The preferred di- 
alkylated phosphites as shown in the preceding formula is typically present with minor amounts of monoalkylated 
phosphite of the formula (RO)(HO)) 2 POH. Many phosphites are available from commercial sources, or they may be 
synthesized ascending to U.S. Patent 4,752,416 to Scharf et al. An example of mixed phosphites synthesis is given 
below as EXAMPLE 3. 

EXAMPLE 3 

A mixture of 911.4 parts (7 moles) of 2-ethylhexanol, 1022 parts (7 moles) ofAlfol8-10, and 777.7 parts (7 moles) 
of dimethylphosphite is prepared and heated to 12FC while sparging with nitrogen and removing methanol as a dis- 
tillate. After about 6 hours, the mixture is heated to 745° C and maintained at t his temperature for an additional 6 hours 
whereupon about 406 parts of distillate are recovered. The reaction mixture is stripped to 15CF C at 50 mm. Hg., and 
an additional 40 parts of distillate are recovered. The residue is filtered through a filter aid and the filtrate is the desired 
mixed phosphite containing 9. 6% phosphorus (theory, 9.7%). 

In the above structure of the phosphite, the term "R" has been referred to as an alkyl or aryl group. It is, of course, 
possible that the alkyl is alkenyl and thus the terms "alkyl" and "alkylated", as used therein embrace other than saturated 
alkyl groups within the phosphite. The phosphite utilized herein is thus one having sufficient hydrocarbyl groups to 
render the phosphite substantially oleophilic and further that the hydrocarbyl groups are preferably substantially un- 
branched. 

It is preferred that the phosphite contain from about 8 to about 24 carbon atoms in each of the fatty radicals 
described as "R". Preferably, the fatty phosphite contains from about 12 to about 22 carbon atoms in each of the fatty 
radicals., most preferably from about 16 to about 20 carbon atoms in each of the fatty radicals. It is highly preferred 
that the fatty phosphite be formed from oleyl groups, thus having 18 carbon atoms in each fatty radical. 

Preferred phosphites are dioleyl and dilauryl and dibutyl and alkylphenyl phosphite and mixtures thereof. As well 
as the phosphites listed above organic acid phosphates can also be utilized in this invention. Examples of useful 
phosphates are mono- and di-steryl acid phosphates, lauryl acid phosphates and oleyl acid phosphates. 

The phosphites and phosphates are included in the additive package of this invention in the range of 5-30 weight 
percent based on the weight of the additive package with the preferred range being 6-12 percent by weight. The 
compounds are included in the final fluid blend in the range of 0.5-1 0% weight percent based on the weight of the fluid 
with the preferred range being 0.75-5% weight percent based on the weight of the fluid. 

Friction modifiers other than those stated above may also be included in this invention. Friction modifiers are 
exceedingly well known in the art and the number and types of compounds are voluminous. In general friction modifiers 
comprise: 

metal salts of fatty acids 
fatty phosphites 
fatty acid amides 

fatty epoxides and borated derivatives 
fatty amines 

glycerol esters and then borated derivatives 
alkoxylated fatty amines and their borated derivatives 
sulfurized olefins, sulfurized polyolefins 
sulfurized fats and sulfurized fatty acids 

This list is not intended to be exhaustive but rather representative of friction modifiers as a group. It should be noted 
that several classes of compounds listed have previous been reference previously herein as EP/antiwear and an anti- 
oxidation agents. Descriptions of friction modifiers, their borated derivatives and their availability or method of prepa- 
ration can be found in the following U.S. Patents: 4,280,gi6; 4,7g2,410; 3,652,410; 4,957,651; 4,119,549; 4,191 : 659; 
4,584,115; 4,622,158; 4,741,848; 4,752,416 and references cited therein. All patents cited are herein incorporated by 
reference for their teachings in friction modifiers. 
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For the instant inventbn several of the above listed friction modifiers are equivalent. The friction modifiers are 
IIS;'; the f d fe P^kage in the range of about 5-30 weight percent of the package. When contained in 
a formu ated fluid sa.d f notion modifier comprises a range of about 0.5-1 0% by weight based on the weight of said fluid 

c Pfl w To*™ TzZ l S ° U ? e inStant inV6nti0n are fatty acid amides which have been discu ^ed in detail in U. 
LI r ? h I » P Jl amWeS 3re ° 8 " C24 aliphatic m °nocarboxylic amides. The amides involved are well 
knowa Reacting the fatty acid base compound with ammonia produces the fatty amide. The fatty acids and amides 
derived therefrom may be either saturated or unsaturated. The most important fatty acids are lauric -C 12 , palmitic -C ie 
T^ll « fh 8 "• , 9 T* ,mp0rtan, unsaturated are oleic - lin °'^ic and linolenic, all of which are C 18 . The preferred fatty 
iTl^r 6 T IWen J 0 " th ° Se deriVed ,f ° m the C ^ unsa ^rated fatty acids. The fatty amides are included 
by weigh? r3n9e ° f °' 5 " 1 ° % ' V W * m ^ "* PreSSnl '" n the final b,end in the ran 9 e ° f 0 05-3% 

^nl T COr, ?™ nXS Which form a P art ° f the additive package and formulated fluid of the instant invention are 
sulfolanes or the like or equivalents thereof which are used as seal swells. Also present are anti-foaminq agents such 

- :::T e :::^z : ssr point de r ss n a ? ts and in ,he case of the mw ° ^ * ^ ssrnj 

annronrS composition. Diluent oils are present in the additive package in the amount and kinds 

fnTSi, r rP ° S ?! reqU ' red - A C ° mm0n diluent 0il is 100N hi 9 h P° ur oil and said dilu *nt oils may be present 
n the add,t,ve package in the range of from t -30 weight percent based on the weight of the package The diluent oi 

jsthenoarnedovermtotheformulatedfluidatadilutedweightpercent which depends upon the weigh?of the formulated 

20 Patent l^^rT^t ^ Md * ^ ^ Q and are discussed in detail U.S. 

A ^lriT \ , ' S lnCOrporated herein b y refe ™ce for disclosure pertinent to the instant invention 

A prefer ed group of seal swell agents are 3-alkoxy-sulfolanes in which the alkoxy group has at least about 4 Tnd 

Too 6 ! na^ 0Ut t ^ »'* *™ h Which ,he ^ W «• ^ S 

2S Z 1 T T ^TV^ iS ° bUtOXy SUlf ° lane C ° mprisin 9 about 25 ' 75 weight percent of said compo 

s men The sulfolane and sulfones are incorporated into said additive package in the range of about 1-12 weight percent 
based on the we.ght of the package. A preferred range is about 2-6 or 8 weight percent. When the adZe packaoe 
conta^ng said sea. swell is diluted to from said formulated fluid the seal swell comprises about 0. 
of said fluid and more preferably 0.2-2 weight percent based on the weight of said formulated fluid 

In addition to the base oil and additive package, the formulated lubricating/functional fluid further comorises a 
» v,scos„y modifier or viscosity ,ndex Improver, Viscosrty modifiers are extremely well known in t e an and most are 

Sih butS " 3 aWe Hyd S Cart T VM ' S inC ' Ude P ° ,ybUtenes ' p xylene/propylene) copolymer and pol^ en" 
wrth butadiene or isoprene. Ester Vfvl's include esters of styrene/maleic anhydrides and poiymethacrylates The acr 
ylates are available from Rhom and Haas and Lubrizol; polybutenes from Ethyl Corporation an Lubrizol ' Jhvlene/ 

caM^VTut 'T nti ° n ,hS Pref6rred VM is an oil soluble PO^Ikene with about Wn 500-3,000. However the VM 

of heir JZ ^ K-,f ° Ve ,T nt,0ned VM ' S Wi,h SUffiCienl Shear Stability The P o| y alke ^s are chose as the VM because 
of the.r shear stability and the viscosity requirements of the final functionaWubricating fluid 

Polygenes are available from The Ethyl Corporation and many other sources and may also be oreoared bv 

40 polymerization methods well known in the art. On an oil free basis the VM comprises in the ranae on ?S ? \ 

of the f unction^ubricating fluid based on the weight of the fluid. A p«3E£ from tnT "polyo efln ^5 w ioh 

percent of the fluid. The preferred Wn of the polyalkene VM is in the range of 1 000-3 000 9 

to a I. 6 P °' ya ' kane ! iSC ° Sity m ° difiers have a kinematic viscosit y a < 1 00°C in the range of 200-4,400 cSt When added 

4s L , Z fUnCtl ° nal f ' Uid in thS am0Un,s s P ecified above ' ^ ™* becomes shear stable in manner defined 

*! Wh 0 Z d ? rmin6d by the TapSred Bearin9 Shear Tesl descr ' bed ^ the 1 00X v drop ,s i the ranae 
of under 20% after a 20 hour test. The preferred range is under 10% V P ^ 

atoms 7^TrZlZTV Vm T and i K nter P°'y mers <* Polymerizable olefin monomers o, 2 to about 1 6 carbon 

alkenes from which the substituent groups are derived are often conventionally referred to as »p o ef n(s)» 

The olefin monomers from which the polygenes are derived are polymerizable olefin monomers characterized 

» TethTne l e o 0 vle m n 0re h e ? y,en i Ca,ly K nSa,Urat6d 9rOUPS ^ >C=C<) - ** ^ ^ ™ -n^flni cmS^s 

^^ZS^^T^' ^ ° C,ene - 1 ° r POly ° lefiniC — C— V d ^nic mono- 
These olefin monomers are usually polymerizable terminal olefins; that is, olefins characterized bv the nr^.nr. 
,n their structure of the group >C=CH 2 . However, poiymerizable interna, olefin rnono^SS refeLto in 
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the patent literature as medial olefins) characterized by the presence within their structure of the group: 



can also be used to form the polyalkenes. 

to Prescribed amounts ot dispersant may also be included in the formulated function/lubricating fluid. The dispersant 

is included in the formulated fluid in the range of 0.1-10 weight percent base on the weight of the fluid. A preferred 
amount of dispersant in said formulated fluid is .25-4 weight percent. 

Dispersants may also be borated, depending upon the goal sought to be obtained by the formulator. The preferred 
mode of the instant invention encompasses borated and/or non-borated acylated nitrogen compounds made by reacting 

75 an aliphatic hydrocarbon substituted carboxylic acylating agent having at least 10 carbon atoms in the aliphatic hydro- 
carbon substituent with an amino compound having at least one 



20 — NH g^up 

The term "hydrocarbon-based group" is used throughout this specification and in the appended claims to denote 
a group having a carbon atoms directly attached to the remainder of the molecule and having predominantly hydro- 
carbon character within the context of this invention. Such groups include the following: 

25 

(1) Hydrocarbon radicals; this is, aliphatic, (e.g., alkyl or alkenyl), alicyclic (e.g., cycloalkyl or cycloalkenyl), aro- 
matic, aliphatic- and alicyclic-substituted aromatic, aromatic-substituted aliphatic and alicyclic radicals, and the 
like, as well as cyclic radicals wherein the ring is completed througrvanother portion ol the molecule (that is, any 
two indicated hydrocarbon radicals, e.g., R 2 and R 3 , may together form an alicyclic radical and such radical may 

30 contain heteroatoms such as nitrogen, oxygen and sulfur). Such radicals are known to those skilled in the art; 

representative examples are examples of such radicals as represented by R 2 , R 3 and R 5 in the formulae above 
include methyl, ethyl, butyl, hexyl, octyl, decyl, dodecyl, tetradecyl, octadecyl, eicosyl, cyclohexyl, phenyl and nap- 
thylandthe like including all isomeric forms of such radicals and when R 2 and R 3 together form an alicyclic radical, 
then examples of such radicals include morpholinyl, piperidyl, piperazinyl, phenothiazinyl pyrrolyl, pyrrolidyl, thi- 

35 azolidinyl and the like. 

(2) Substituted hydrocarbon radicals; that is, radicals containing non -hydrocarbon substituents which, in the context 
of this invention, do not alter the predominantly hydrocarbon character of the radical. Those skilled in the art will 
be aware of suitable substituents; representative examples are hydroxy (HO-); alkoxy (RO-); carbalkoxy (R0 2 C-); 
acyl [RC(O-); acyloxy (RCO r ); carboxamide (H 2 NC(OH); acylimidazyl [RC(NR-]; nitro(-N0 2 ); and alkylthio (RS-) 

40 and halogen atoms (e.g., F, CI, Br and I). 

Hetero radicals;that is, radicals which, while predominantly hydrocarbon, contain atoms other than carbon present 
in a chain or ring otherwise composed of carbon atoms. Suitable heteroatoms will be apparent to those skilled in the 
art and include, for example, nitrogen, oxygen and sulfur. 
45 in general, no more than about three substituents or hetero atoms, and preferably no more than one, will be present 

for each 10 carbon atoms in the hydrocarbon-based radical. 

Terms such as "alkyl-based radical," "alkenyl-based radical" and "alkylene-based radical" and the like have anal- 
ogous meanings with respect to alkyl and aryl radicals and the like. 

The carboxylic acylating agents include aliphatic hydrocarbon substituted aliphatic, cycloaliphatic and aromatic 
so mono- and polybasic carboxylic acylating agents having at least about to carbon atoms in the aliphatic hydrocarbon 
substituent. These acylating agents include acids, anhydrides, halides and esters : all of which are or can produce the 
desired acylating agent. Specific examples include, but are not limited to substituted succinic, phthalic, propionic, 
salicylic, tartaric, phenoxyacetic, and the like. The number of carbon atoms in the hydrocarbon substituent of the acylat- 
ing agent may vary over a wide range provided that, if borated, boron -containing acylated nitrogen-containing com- 
55 pound is soluble in the lubricating composition of the present invention. Thus, the hydrocarbon substituent generally 
will contain at least about 10 carbon atoms, preferably an average of at least 30 carbon atoms and often an average 
of at least about 50 carbon atoms. In addition to oil solubility considerations, other performance considerations will 
dictate the lower limit on the average number of carbon atoms in the substituent. Determination of the necessary carbon 



15 



EP 0 753 564 A1 



number to attain a particular performance level or performance characteristic is within the skill of the worker having 
ordinary skill in the art. 

The hydrocarbon substituent of the acylating agent may contain polar groups as indicated above, and, providing 
that he polar groups are not present in proportions sufficiently large to significantly alter the hydrocarbon character of 
the substituent. 

The sources of these substantially hydrocarbon substituents include mono-olefins of at least about 10 carbon 
atoms, olefin oligomers and high molecular weight substantially saturated petroleum fractions and substantially satu- 
rated olefin polymers, particularly polymers of mono-olefins having from 2 to 30 carbon atoms. Mono-olefins particularly 
useful as sources of the substantially hydrocarbon substituent include decenes, octadecenes, eicosenes and the like. 
The especially useful polymers are the polymers of 1 -mono-olefins, such as ethylene, propene, isobutene, 1-octene, 
2-methyl-1 -heptene and 2-methyl-5-propyl-1 -hexene. Polymers of medial olefins, Le. : olefins in which the olefinic link- 
age is not at the terminal position, likewise are useful. They are illustrated by 2-butene, 3-pentene and 4-octene. 

Also useful are the interpolymers of the olefins such as those illustrated above with other interpoiymerizable olefinic 
substances, such as aromatic olefins, cyclic olefins and polyolefins. Such interpolymers include, for example, those 
prepared by polymerizing isobutene with styrene; isobutene with butadiene; isobutene with chloroprene; isoprene with 
p-methyl styrene; 1 -hexene with 1,3-hexadiene; isobutene with. styrene and piperylene; and ethylene with propylene 
and 1,4-hexadiene; etc. 

The use of olefin polymers having molecular weights (Mn) of about 700-10,000 is preferred. Higher molecular 
weight olefin polymers having molecular weights (Mn) from about 10,000- to about 1 00,000 or higher have been found 
to impart also viscosity index improving properties to the final products. The use of such higher molecular weight olefin 
polymers is often desirable. Preferably, the substituent is derived from a polyolefin characterized by a Mn value of 
about 700 to about 10,000 and a Mw/Mn value of 1.0 to about 4.0. 

In one method for preparing the hydrocarbon substituted acylating agents employed to prepare the compositions 
used in this invention, one or more of the above-described polyalkenes is reacted with one or more olefinic carboxylic 
acid reactants. Representative acids include maleic or fumaric reactants, such as acids or anhydrides, acrylic acid, 
itaconic acid, etc. Ordinarily the reactants will be the acid, the anhydride, or a mixture of two or more of these. The 
maleic reactants are usually preferred, and result in substituted succinic acid-producing compounds. 

For convenience and brevity, the term "acidic reactant" is often used hereinafter. When used, it should be under- 
stood that the term is generic to olefinic carboxylic acid reactant. Also, the term "acylating agents" is used herein to 
represent the substituted acylating compounds. 

One procedure for preparing the acylating agents used in this invention is illustrated, in part, in U.S. Patent 
3,21 9,666 which is expressly incorporated herein by reference for its teaching in regard to preparing acylating agents. 
This procedure, conveniently designated as "the two-step procedure", involves first chlorinating the olefin, olefin oli- 
gomers or olefin polymers described hereinabove until there is an average of at least about one chloro group for each 
molecular weight of olefinic compound. If a diluent is used in the chlorination procedure, it should be one which is not 
itself readily subject to further chlorination. 

The second step in the two-step procedure is to react the chlorinated olefinic material with the acidic reactant. The 
mole ratio of chlorinated olefinic material to acidic reactant is usually about 1:1; however, a stoichiometric excess of 
acidic reactant can be used. If an average of more than about one chloro group per molecule of olefinic material is 
introduced during the chlorination step, then more than one mole of acidic reactant can react per molecule of chlorinated 
olefinic material. It is normally desirable to provide an excess of acidic reactants. Unreacted excess acidic reactant 
may be stripped from the reaction product, or reacted during a further stage as explained below. The resulting aliphatic 
hydrocarbon substituted acylating agent maybe, optionally, again chlorinated if the desired number of succinic groups 
are not present in the product. Any excess acidic reactant remaining form the second step will react as additional 
chlorine is introduced during the subsequent chlorination. Additional acidic reactant may be introduced during and/or 
subsequent to the additional chlorination step. This technique may be repeated until the total number of acylating 
groups per equivalent weight of substituent groups reaches the desired level. 

A procedure for preparing substituted succinic acylating agents utilizes a process described in U.S. Patent 
3,91 2,764 and U.K. Patent 1 ,440,219, both of which are expressly incorporated herein by reference for their teachings 
in regard to that process. According to that process, a polyalkene and a maleic reactant are first reacted by heating 
them together in a "direct alkylation" procedure. When the direct alkylation step is completed, chlorine is introduced 
into the reaction mixture to promote reaction of the remaining reactants. 

Another process for preparing substituted succinic acylating agents is the so-called "one-step" process. This proc- 
ess is described in U.S. Patent Nos. 3,215,707 and 3,231,587. Both are expressly incorporated herein by reference 
for their teachings in regard to that process. Basically, the one-step process involves preparing a mixture of the olefinic 
material and the acidic reactant containing the necessary amounts of both to provide the desired substituted acylating 
agents. Chlorine is then introduced into the mixture, while maintaining a temperature of at least about 140°C. A variation 
of this process involves adding additional acidic reactants during or subsequent to the chlorine introduction. 
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Usually, where the olefinic material is sufficiently fluid under mixing and reaction conditions, there is no need to 
utilize a solvent/diluent in the one-step process. However, as explained hereinbefore, if a solvent/diluent is employed 
it is preferably one that resists chlorination. 

In addition to the disclosures contained in the publications and patents listed hereinabove, aliphatic hydrocarbon 
substituted acylating agents are described in the listings of patents and other publications describing borated and non- 
borated acylated nitrogen compound. Furthermore, descriptions of many useful types of acylating agents are provided 
in Canadian Patent 1,183,125 and PCT Publication WO 85/03504 and in the following U.S. Patents: 





A A7A 




3,172,892 


4,067,698 


4,205;960 


3,341,542 


4,090,971 


4;216|099 


3,374,174 


4,098,708 


4,234,435 


3,444,170 


4,110,349 


4,285;824 


3,454,607 


4,128,488 


4,320|019 


3,502,677 


4,131,554 


4,343,740 


3,755,169 


4,163,730 


4,357,250 


3,787,374 


4,176,077 


4,471,091 


3,859,318 


4,179,449 


4,486;573 


3,868,330 


4,186,139 


4,489,194 



Each of the above referred to and/or listed patents and publications is hereby expressly incorporated by reference for 
teachings contained therein regarding hydrocarbon substituted acylating agents. 

The amines which are used to prepare the nitrogen containing compositions may be monoamines and polyamines. 
The monoamines and polyamines must be characterized by the presence within their structure of at least one H-N 
group. Therefore, they have at least one primary (i.e., H 2 N-) or secondary (i.e., H-N=) amino group. The amines can 
be aliphatic, cycloaliphatic or heterocyclic including aromatic substituted versions thereof. The amines may also con- 
tain non-hydrocarbon substituents or groups as long as these groups do not significantly interfere with the reaction of 
the amines with the acylating agents. Such non -hydrocarbon substituenls have been described hereinabove. 

In general the amine employed to prepare the acylated amine may be characterized by the formula 



R^NH 

wherein R 1 and R 2 are each independently hydrogen or hydrocarbon,. amino-substituted hydrocarbon, hydroxy-sub- 
stituted hydrocarbon, alkoxy-substituted hydrocarbon, amino, carbamyl, thiocarbamyl, guanyl and acylimidoyl groups 
provided that only one of R-, and R 2 may be hydrogen. 

With the exception of the branched polyalkylene polyamine, the polyoxyalkylene polyamines, and the high molec- 
ular weight hydrocarbylsubstituted amines described more fully hereinafter, the amines ordinarily contain less than 
about 40 carbon atoms in total and usually not more than about 20 carbon atoms in total. 

Aliphatic monoamines include mono-aliphatic and dialiphatic-substituted amines wherein the aliphatic groups can 
be saturated or unsaturated and straight or branched chain. Thus, they are primary or secondary aliphatic amines. 

Cycloaliphatic monoamines are those monoamines wherein there is one cycloalliphatic substituent attached di- 
rectly to the amino nitrogen through a carbon atom in the cyclic ring structure. 

Suitable aromatic amines include those monoamines where a carbon atom of the aromatic ring structure is attached 
directly to a carbon atom of an aliphatic hydrocarbon chain. The aromatic ring will usually be a mononuclear aromatic 
ring but can include fused aromatic rings especially those derived from naphthalene. 

Specific examples of the above-described amines are given in U.S. Patent 4,234,435 which is expressly incorpo- 
rated by reference for its disclosure regarding such amines. 

The polyamines from which the acylated amine is derived include principally alkylene amines conforming fcr the 
most part to the formula 



55 
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A-|— N — alkylene — N- 

I I 

A A 



H 



wherein n is an integer preferably less than about 10, A is hydrogen or a substantially hydrocarbon group preferably 
having up to about 30 carbon atoms, and the alkylene group is preferably a lower alkylene group having less than 
about 8 carbon atoms. Illustrative examples of such amines are given in the above-mentioned U.S. Patent 4,234 : 435. 
Higher homologs such as are obtained by condensing two or more alkylene amines likewise are useful. They are 
described in some detail under the heading "Ethylene Amines" in "Encyclopedia of Chemical Technology", Kirk and 
Othmer, Volume 5, Pages 898-905, Interscience Publishers, New York (1 950). This article is hereby incorporated herein 
by reference. Such compounds are prepared most conveniently by the reaction of an alkylene chloride with ammonia. 
The reaction results in the production of somewhat complex mixtures of alkylene amines, including cyclic condensation 
products, such as piperazines. These mixtures as well as pure alkylene amines are useful in the preparation of acylated 
amines. An especially useful alkylene amine is a mixture of ethylene amines prepared by the reaction of ethylene 
chloride and ammonia and having a composition which corresponds to that of tetraetylene pentamine. 

Hydroxyalkyl-substituted alkylene amines i.e., alkylene amines having one or more hydroxyalkyl substituents on 
the nitrogen atoms, likewise are contemplated for use herein. They hydroxyalkyl-substituted alkylene amines are pref- 
erably those in which the alkyl group is a lower alkyl group. Higher homologs are obtained by condensation of the 
above-illustrated alkylene amines or hydroxyalkyl-substituted alkylene amines through amino radicals or through hy- 
droxy radicals are likewise useful. 

Heterocyclic mono- and polyamines can also be used in making the boron and nitrogen-containing compositions. 
As used herein, the terminology "heterocyclic mono- and polyamines" is intended to describe those heterocyclic amines 
containing at least one primary or secondary amino group at any position in the molecule and at least one nitrogen as 
a heteroatom in the heterocyclic ring. Heterocyclic amines can be saturated or unsaturated and contain various sub- 
stituents. Generally the total number of carbon atoms in the substituents will not exceed about 20. Heterocyclic amines 
can contain heteroatoms other than nitrogen, especially oxygen and sulfur, and can contain more than one nitrogen 
heteroatom. The five- and six-membered heterocyclic rings are preferred. 

An extensive listing of specific examples of the various types of amines is presented in U.S. Patents 5,230,714 
and 4,234,435 which is herein expressly incorporated by reference for relevant disclosures contained therein. 

The boron-containing reagent is any boron-containing compound which will react with the substituted acylating 
agent, the amine or with reaction products thereof. Useful boron compounds include boron oxide, boron oxide hydrate, 
boron trioxide, boron halides, boron acids such as boronic acid, boric acid, boron anhydrides, boron amides and various 
esters of such boron acids. The use of complexes of boron halides with ethers, organic acids and the like are also 
useful. Examples of the above-mentioned boron -containing reagents and other boron-containing reagents useful in 
preparation of borated acylated amines can be found in U.S. Patent 3,254,205 which is hereby incorporated by refer- 
ence for its disclosure of useful boron^containing reagents. 

As mentioned hereinabove, the boron-containing acylated nitrogen compound may be prepared by reacting the 
carboxylic acylating agent, amino compound and boron-containing reagent simultaneously or sequentially, in any order 
For example, the boron-containing reagent may be first mixed with the acylating agent to which combination may be 
added the amino compound. Alternatively, the boron-containing reagent may be combined with the amino compound 
forming an intermediate product which can then be reacted with the acylating agent. A preferred method is to first form 
a reaction product from the acylating agent and the amine followed by post-treatment thereof with the boron-containing 
reagent. U.S. Patent Nos. 3,254,025; 3,000,916; 3,087,936; 3,281,428; 3,282,955; 3,344,069; 3,449,362; 3,666,662; 
4,428,849 and 4,234,435 which are herein expressly incorporated by reference, discussed procedures for preparing 
oil-soluble nitrogen and boron-containing materials. The general teachings of these referenced patents may be modified 
as noted hereinabove. 

Reactions to prepare components borated acylated nitrogen compounds result in products containing boron and 
substantially all of the nitrogen originally present in the nitrogen reactant. The nature of the product is not clearly 
understood. Inasmuch as the precise stoichiometry of the complex formation is not known. The relative proportions of 
the reactants to be used in the process are based primarily upon the consideration of utility of the products for the 
purpose of this invention. In this regard, useful products are obtained from reaction mixtures in which the reactants 
are present in relative proportions as to provide from about 0.01 atomic proportions of boron for each mole of nitrogen 
to about 10 atomic proportions of boron for each atomic proportion of nitrogen. The preferred amounts of reactants 
are such as to provide from about 0.5 to about 2 atomic proportions of boron for each atomic proportion of nitrogen. 
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It is emphasized that the acylated nitrogen compound will have a total base number up to about 1 50 and preferably 
from about 80 to about 120 on an oil free basis. The aliphatic hydrocarbon substituent has at least about 10 carbon 
atoms, preferably at least about 30 carbon atoms, more preferably at least about 50 carbon atoms. Often the number 
of carbon atoms in the hydrocarbon substituent in a particular additive will vary over some range such as from 10 to 
100, 20 to 70, and the like. In such cases, the carbon numbers referred to hereinabove, i.e., at least about 10. 

In general terms, the nitrogen-containing compounds may be prepared by reacting one or more of the aliphatic 
hydrocarbon-substituted carboxylic acylating agents with one or more of the amines which have been described here- 
inabove, optionally in the presence of a normally liquid, substantially inert organic liquid solvent/diluent at an elevated 
temperature generally in the range from about 80°C up to the decomposition point of the mixture or the product. Nor- 
mally, temperatures in the range of about 100°C up to about 300° C are utilized providing that 300°C does not exceed 
the decomposition point. 

The aliphatic hydrocarbon-substituted carboxylic acylating agent and/the amino compound are reacted in amounts 
sufficient to provide at least one-half equivalent, per equivalent of acylating agent of the amino compound. Generally, 
the maximum amount of amine present will be about 2 moles of amine per equivalent of acylating agent. For the 
purposes of this invention, sufficient amine is present to provide a resulting product having a total base number up to 
about 80. 

The following are illustrative nonlimiting examples of the process for preparing the nitrogen- and boron-containing 
compounds and nitrogen-containing compositions useful in this invention. 

EXAMPLE I 

A polyisobutenyl succinic anhydride is prepared by the reaction of a chlorinated polyisobutylene with maleic an- 
hydride at 20C? O The polyisobutenyl group has an average molecular weight of 850 and the resulting alkenyl succinic 
anhydride is found to have an acid number of 113 (corresponding to an equivalent weight of 500). To a mixture of 500 
grams (I equivalent) of this polyisobutenyl succinic anhydride and 160 grams of toluene there is added at room tern- 
perature 35 grams (I equivalent) of diethylene triamine. The addition is made portionwise throughout a period of 15 
minutes, and an initial exothermic reaction causes the temperature to rise to 50* O. The mixture then is heated and a 
water-toluene azeotrope distilled from the mixture. When no more water distills, the mixture is heater to 15070 at 
reduced pressure to remove the toluene. The residue is diluted with 350 grams of mineral oil and this solution is found 
to have a nitrogen content of 1.6%. 

EXAMPLE li 

A mixture of 1000 parts (0.495 mole) of polyisobutene (Mn=2020; Mw=6049) and 115 parts (1. 17 moles) of maleic 
anhydride is heated to 11CTO. This mixture is heated to 184° O in 6 hours during which 85 parts (1 .2 moles) of gaseous 
chlorine is added beneath the s urface. AT 184°C-1 59° C, an additional 59 parts (0. 83 mole) of chlorine is added beneath 
the surface. At 184° 0-1 89* C, an additional 59 parts (0. 83 mole) of chlorine is added over 4 hours. The reaction mixture 
is stripped by heating at 186*0-190*0 with nitrogen blowing for 26 hours. The residue is the desired polyisobutene- 
substituted succinic acylating agent having a saponification equivalent number of 87 as determined by ASTMprocedure 
D-94. ^ • 

A mixture is prepared by the addition of 57 parts ( 1. 38 equivalents) of a commercial mixture of ethylene polyamines 
having from about 3 to 10 nitrogen atoms per molecule to 1067 parts of mineral oil and 893 parts (1.38 equivalents) 
of the substituted succinic acylating agent at 140°O-145 o O. The reaction mixture is heated to 15? C in 3 hours end 
stripped by blowing with nitrogen. The reaction mixture is filtered to yield the desired product. 

EXAMPLE 111 

To 1000 parts of poly(isobutene) substituted succinic anhydride (which is prepared by the "one-step" procedure 
of U.S. Patent 3,215,707) having a saponification number of 108 is added 147 parts of an ethylene polyamine having 
an empirical formula that corresponds to pentaethylene hexamine, and 275 parts mineral oil. The reaction is begun at 
90° 0 and the temperature is increased to 121° O with nitrogen blowing. The reaction mixture is stripped of volatile 
materials by heating to 150*0. The residue is filtered. 

A slurry of 239 parts boric acid in 398 parts mineral oil is reacted with 1405 parts of the product of EXAMPLE III. 
The reaction is conducted starting at 90° O and the temperature is increased to 1 50° O over 3 hours followed by nitrogen 
blowing at 150*O-155°O. The reaction mixture is filtered. 

In the claims below, all additives to the oil of lubricating viscosity are given on an oil free basis. It is normal practice 
to supply additives mixed in oil, but in the interest of clarity and conciseness, when used in the claims, the additives 
weights are oil free and thus their weight percents in the composition are oil free. 
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Claims 

1. A shear stable multipurpose fluid composition for use as a lubricating or functional fluid, said composition com- 
prising: 

5 

A. An oil of lubricating viscosity; 

B. 1-15% by weight of a metal salt of an organic acid; 

C. 0.05-5% by weight of a metal, said metal being the metal in said metal salt; and 

D. 1-25% by weight of a viscosity modifier. 

10 

wherein said composition has a Brookfield viscosity of under 20,000 cP at -40°C, and exhibits a viscosity loss of 
less than 20% at 100°C when measured after a 20 hour Tapered Bearing Shear Test. 

2. A composition according to claim 1 , wherein said viscosity modifier has Wn 500-3,000, and a kinematic viscosity 
15 of 200-4,400 cSt at 1 00°C. 

3. A composition according to claim 1 or claim 2, wherein said viscosity modifier is a polyolefin. 

4. A composition according to any preceding claim, wherein said oil comprises at least 50% synthetic oil. 

20 

5. A composition according to claim 4, wherein said synthetic oil comprises a hydrogenated poly-alpha-olefin or a 
diester or mixtures thereof. 



6. A composition according to any preceding claim, wherein said metal salt is a sulphonate, carboxylate, phenate, 
25 salicylate, or equivalent or mixtures thereof. 

7. A composition according to claim 6, wherein said metal salt is an overbased alkyl aryl sulphonate. 

8. A composition according to any preceding claim, wherein said metal of said metal salt is selected from lithium, 
30 potassium, sodium, magnesium, barium and calcium and mixtures thereof, and wherein magnesium, calcium and 

mixtures thereof are preferred. 

9. A composition according to any preceding claim, said composition further comprising 0.5-1 0% by weight of a metal 
dialkyl dithiophosphate. 
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10. A composition according to claim 9, wherein said metal dialkyl dithiophosphate is zinc di-isooctyl dithiophosphate. 

1 1 . A composition according to any preceding claim, said composition f u rther comprising 0.5-10% by weight of a friction 
modifier. 

12. A composition according to claim 11, wherein said friction modifier is selected from sulfurized olefins, sulfurized 
fats, sulfurized fatty acids, alkoxylated fatty amines, borated fatty epoxides, fatty phosphites, fatty epoxides, bo- 
rated alkoxylated fatty amines, metal salts of fatty acids, borated fats, fatty imidazolenes and mixtures thereof. 

13. A composition according to any preceding claim, wherein said composition further comprises 0.5-3 % by weight 
of a 6-24 carbon atom fatty amide. 

14. A composition according to any preceding claim, said composition further comprising 0.5-10% by weight dialkyl 
phosphite. 

15. A composition according to claim 14, wherein said phosphite is dioleyl phosphite. 

16. The composition according to any preceding claim, wherein said composition further comprises 0.1-5% of the 
reaction products of a carboxylic acylating agent and an amine, wherein said amine is selected from: 

(a) a product made by contacting a hydroxy material with an amine; 

(b) an alkylene polyamine; 

(c) a product made by contacting a hydroxy material with an alkylene polyamine and/or mixtures thereof. 
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17. A composition as recited in claim 16, wherein said carboxylic acylating agent is a succinic acylating agent, said 
acylating agent being the product of reacting a polybutene and maleic acid or maleic anhydride. 

• 18. A composition as recited in claim 16, wherein said composition further comprises products from the reaction of 
carbon disulfide with said reaction products of claim 16. 
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FIGURE 1 
Principle Belt/Chain CVT 

a/- 
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FIGURE 2 
VDT Push-Belt 
with About 300 Elements and 2 Times 10 Rings 
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FIGURE 3 
Elements: 
Torque Transmission by Push Load; 
Friction Between Clamped Elements and Pulley 
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FIGURE-^. 

Tribological Aspects/Lubricant Requirements 
of the Push-Belt 
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